Background--Whether physical activity is a determinant of peripheral artery disease (PAD) remains unclear. We therefore assessed the association of physical activity (amount and intensity) with subsequent risk of hospitalization with PAD and its severe form, critical limb ischemia, in the ARIC (Atherosclerosis Risk in Communities) study.
L ower extremity peripheral artery disease (PAD) is characterized by compromised blood flow to the lower extremities caused by atherosclerosis. 1 PAD affects %200 million adults worldwide, and its prevalence increased by 24% globally between 2000 and 2010. 2 In the United States, it is estimated that %8.5 million (7.2%) adults have PAD. 3 The presence of PAD confers a 2-to 5-fold increased risk of mortality. 1 In addition, PAD causes intermittent claudication and functional impairment and may progress to critical limb ischemia (CLI), sometimes resulting in leg amputation. 1 Therefore, efforts at preventing and treating PAD are important.
Maintaining adequate levels of physical activity is a central approach to improve the atherosclerotic risk factor profile (eg, by means of reducing body weight or lowering blood pressure) 4 and to reduce the risk of cardiovascular events. Physical activity has been found to be prospectively associated with a lower risk of some cardiovascular diseases, including coronary heart disease, heart failure, and stroke. [5] [6] [7] [8] [9] However, whether and how physical activity is prospectively related to incident PAD hospitalization remains unclear. Although there are numerous cross-sectional studies reporting the relationship between physical activity and PAD, [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] this design is not optimal because temporality is not clear and those studies may merely reflect the effect of PAD on physical activity. 21 To our knowledge, there have been only a few prospective studies exploring this study question, 20, [22] [23] [24] which investigated only selected populations (only men 20 or people with borderline ankle-brachial index [ABI] 0.90-1.00 24 ), were small (sample sizes <500), 20, 22, 24 or had a follow-up of <5 years. 20, 22, 23 Also, none of these studies explored CLI. In addition, although the guideline recommends moderate and vigorous activities, 25 it is not clear whether intensity of physical activity is associated with leg vascular health.
Using data from the ARIC (Atherosclerosis Risk in Communities) study, we explored the prospective association of physical activity (amount and intensity) with subsequent risk of hospitalization with PAD over 25 years. A large sample size and long follow-up allowed us to uniquely analyze the most severe form of PAD, CLI, as well.
Methods
The study data and materials will be made available to other researchers upon request in accordance with ARIC policy. 26 
Study Design and Population
The ARIC study is a community-based cohort that enrolled 15 792 participants aged 45 to 64 years during 1987 to 1989 (baseline visit) from 4 communities in the United States: Forsyth County, North Carolina; Jackson, Mississippi; suburban Minneapolis, Minnesota; and Washington County, Maryland. 27 Of 15 792 participants, we excluded those who had prevalent PAD (n=746), defined as ABI <0.9, self-reported peripheral revascularization, and intermittent claudication on the basis of the Rose questionnaire describing as a self-reported history of calf pain occurring only on exertion but not at rest. 28 We additionally excluded people who identified themselves as nonwhite/nonblack (n=48), and those who reported prevalent clinical cardiovascular disease (defined as coronary heart disease, stroke, and heart failure) at baseline (n=1443) as well as those with missing data on physical activity (n=24) or other variables of interest (detailed below in the Covariates section) (n=1018). The final analytic sample consisted of 12 513 participants. The present study followed up for incident hospitalization with PAD and CLI from baseline to December 31, 2014 . The study protocol was approved by the institutional review boards of all ARIC study sites, and all participants provided written informed consent.
Physical Activity Measures
Physical activity in ARIC was assessed using a modified Baecke physical activity questionnaire, described in detail elsewhere. 29 Briefly, up to 4 types of exercises or sports in the previous year were specified in the questionnaire for intensity, frequency, and duration and assigned metabolic equivalent (MET) values according to the Compendium of Physical Activities. [7] [8] [9] 29, 30 Then, minutes per week of moderate (3 to <6 METs) or vigorous (≥6 METs) physical activity were estimated for each participant. We modeled physical activity as either a categorical or a continuous variable. The categorization was based on the American Heart Association guidelines 4 : poor, 0 min/wk of moderate or vigorous exercise; intermediate, 1 to 74 min/wk of vigorous exercise or 1 to 149 min/wk of moderate plus vigorous exercise; and recommended, ≥75 min/wk of vigorous exercise or ≥150 min/wk of moderate plus vigorous exercise. As a continuous variable, physical activity was modeled as METs score being the product of intensity and duration (METs9min/ wk) for each of moderate or vigorous exercise and the total of both.
To account for confounding by physical activity from other sources, we also calculated a score ranging from 1 (low) to 5 (high) for work and leisure time physical activity based on the remaining parts of the Baecke questionnaire. 7, 29 Work score was summarized from 8 work-related questions asking about the participants' main occupation; self-rating of the work's vigor; frequencies of sitting, standing, walking, lifting, and sweating at work; and fatigue after work. The lowest work score was assigned to nonworking respondents. Leisure score was based on 4 questions about the frequency of watching television, walking, bicycling, and walking/biking to work or shopping.
Covariates
Information on age, sex, race, educational level, smoking and drinking status, and health insurance status were
Clinical Perspective
What Is New?
• Recommended physical activity was associated with lower risk of peripheral artery disease and critical limb ischemia compared with those with poor levels in unadjusted and demographically adjusted models. • Although this association was attenuated once other potential confounders such as smoking status were taken into account, vigorous exercise was robustly associated with lower risk of peripheral artery disease, especially critical limb ischemia.
What Are the Clinical Implications?
• Our findings provide additional evidence about the importance of physical activity for vascular health. • For a given amount of physical activity, whenever capable, engaging in vigorous physical activity for a shorter time (rather than moderate exercise for a longer time) may result in better leg vascular health. self-reported. Educational level was classified as less than high school (<12 years), complete high school or vocational school (12 years) , and more than high school (any college or graduate or professional school >12 years). Smoking and drinking status were examined as current, former, or never. Body mass index was calculated as weight (in kilograms) divided by the square of height (in meters). Systolic blood pressure and diastolic blood pressure were measured 3 times, after 5 minutes of quiet rest, with a Hawksley random-zero sphygmomanometer (model 7076, Hawksley and Sons Limited, Sussex, England). 31 The average of the second and third readings was used for the analysis. Medication use for hypertension, dyslipidemia, and diabetes mellitus within the past 2 weeks was recorded. Total cholesterol was measured using enzymatic methods. 32 Highdensity lipoprotein cholesterol was measured after dextranmagnesium precipitation of non-high-density lipoproteins. 33 White blood cell count was determined from whole anticoagulated blood by automated particle Coulter counters within 24 hours after venipuncture in hematology laboratories. 34 The intraclass correlations obtained by repeated testing were >0.85 for total cholesterol and high-density lipoprotein cholesterol 35 and >0.96 for white blood cell count. 36 Diabetes mellitus was defined as a fasting glucose ≥126 mg/dL, nonfasting glucose ≥200 mg/dL, self-reported physician diagnosis of diabetes mellitus, or use of glucose-lowering medication(s). Estimated glomerular filtration rate was calculated using the Chronic Kidney Disease Epidemiology Collaboration creatinine equation. 37 
Outcomes
The main outcome was first hospital admission with a PAD diagnosis or leg revascularization according to the following International Classification of Diseases, Ninth Revision ICD-9 codes based on previous literature [38] [39] [40] 
Statistical Analysis
Baseline characteristics of the study population were compared across 3 different physical activity categories: poor, intermediate, and recommended. A Poisson regression model was used to assess incidence rates of PAD over the spectrum of physical activity level. We modeled continuous total METs score as linear splines with knots at 500, 1000, and 1500 METs9min/wk, adjusting for age, sex, and race. METS scores of 500 (%3 METs9 150 minutes or %6 METs975 minutes) and 1000 (%3 METs9 300 minutes or %6 METs9150 minutes) were selected roughly in accordance with recommended thresholds for the physical activity categories; and 1500 was set for the same exercise volume increment of 500 from 1000.
We used Cox proportional hazards models to quantify the association of the physical activity categories or continuous total METs score with incident PAD while adjusting for potential confounders. Total METs score was scaled in 200 METs9min/ wk, roughly corresponding to moderate activity of 60 minutes (3 METs960 minutes) or vigorous activity of 30 minutes (6 METs930 minutes). In order to see whether moderate and vigorous exercise could influence the leg vascular health to the same magnitude, we further modeled moderate METs score and vigorous METs score individually in the same model. Again, we scaled each METs score in 200 units. To evaluate whether our findings were consistent across subgroups, we explored several subgroups by age (<55 versus ≥55), sex, race, smoking status, and the presence/absence of diabetes mellitus and hypertension (defined as systolic blood pressure ≥140 mm Hg, diastolic blood pressure ≥90 mm Hg, or taking any antihypertensive medication). We statistically estimated the joint effects on the multiplicative and additive scales (relative excess risks attributable to interaction). 41 We used several adjusted models to account for the influence of potential confounders. In addition to the unadjusted Model 1, we adjusted for demographic variables (age, sex, and race) in Model 2 and additionally adjusted for social and lifestyle factors (educational level, health insurance status, smoking and drinking status) in Model 3. To account for physical activity from other sources, we further adjusted for work and leisure score in Model 4. In Model 5, we included clinical variables (body mass index, systolic blood pressure, total and high-density lipoprotein cholesterol, creatininederived estimated glomerular filtration rate, white blood cell count, diabetes mellitus, antihypertensive medication, cholesterol-lowering medication, and aspirin). These clinical factors can be etiological mediators between physical activity and PAD; however, because they can be confounders as well (eg, individuals with clinical conditions may not be able to be physically active), we ran Model 5 using clinical variables measured at baseline.
We also conducted sensitivity analyses as follows: (1) additional adjustment for baseline ABI category (borderline ABI, 0.9 to <1.0; normal ABI, 1.0 to <1.3; and high ABI, ≥1.3) to make sure the association of physical activity with subsequent risk of PAD is not merely derived by participants with lower ABI (to address a concern of reverse causation); (2) censoring other incident cardiovascular diseases (defined as coronary heart disease, stroke, and heart failure) during follow-up to minimize possibility of surveillance bias; (3) censoring PAD hospitalizations in the first 1 to 5 years of follow-up to minimize the possibility of reverse causation; (4) assessment of 5 physical activity groups using total minutes of moderate and vigorous exercise per week (0, 1-74, 75-149, 150-299, and ≥300 min/wk) to confirm a doseresponse association for total amount of physical activity. All analyses were performed with Stata version 14.0 (StataCorp LLC, College Station, TX), and a P<0.05 was considered statistically significant.
Results
The mean age of the 12 513 participants at baseline was 53.9 (SD, 5.7) years, of whom 55.3% were women and 25.0% were black. American Heart Association-defined intermediate or recommended levels of physical activity were seen in 24.7% and 38.1%, respectively. Participants with intermediate and recommended levels of exercise were more likely to be white, have health insurance, be well educated, and have lower body mass index than those who were in the poor activity category (Table 1 ); in addition, they had lower proportions of current smoking, never drinking, hypertension, and diabetes mellitus.
During a median follow-up of 25.4 years (maximum of 28.1 years) from the ARIC baseline visit, 434 incident hospitalizations with PAD, including 166 patients with CLI, were documented (crude incident rates per 10 000 personyears: 15.6 for total PAD and 5.9 for CLI). The incidence rate for hospitalization with PAD was highest in the poor activity category (19.3/10 000 person-years) and approximately doubled for hospitalization with CLI when comparing the poor with the recommended category (8.7 versus 4.3/10 000 person-years). Generally, the age-, sex-, and race-adjusted incident rate of hospitalization with PAD slightly decreased along with exercise volume (Figure-Panel A). A similar pattern was seen for CLI but at a lower rate ( Figure-Panel B) .
In crude analysis, engaging in intermediate and recommended levels of physical activity was associated with 26% and 34% lower risks of incident hospitalization with PAD compared with poor levels, respectively (Model 1 in Table 2 ). Adjusting for demographics did not materially alter the results (Model 2 in Table 2 ), but after further adjustment for social and lifestyle factors (Model 3 in Table 2 ), these associations were no longer significant. Nonetheless, a graded ("doseresponse") pattern was observed in Models 4 and 5 as well. We observed similar patterns for hospitalization with CLI (Table 2) , with slightly more prominent hazard ratios than those seen for hospitalization with PAD in general.
When time spent in moderate and vigorous exercises were examined individually in the same models, each 200 higher METs9min/wk in vigorous exercise, but not in moderate exercise, was significantly associated with a lower risk of hospitalization with PAD in Models 1 (hazard ratio 0.89) through 4 (hazard ratio, 0.93) ( Table 3 ). This association became attenuated toward the null after further adjustment for clinical variables in Model 5 (hazard ratio, 0.95). The association of vigorous exercise was more evident for CLI and remained statistically significant even in Model 5 (hazard ratio, 0.72) ( Table 3) .
In subgroup analyses, we observed stronger associations of recommended activity with both hospitalization with PAD and CLI in women than in men (multiplicative and additive interaction P<0.05) ( Table 4 ). We also saw significant interactions of intermediate activities for age and hypertension status, with stronger associations in younger participants, and participants with hypertension than in their counterparts (multiplicative and additive interaction, P<0.05) (Table S1 ). Each 200 METs score increment in vigorous exercise was consistently associated with lower PAD hospitalization risk across demographic and clinical subgroups even though the 95% CI slightly overlapped the null (Table S2 ). Generally similar patterns were observed for CLI, with the exception of a significant interaction for hypertension on the additive scale (P=0.002) (Table S2 ).
In sensitivity analyses, the association between physical activity and incident hospitalization with PAD remained similar, with additional adjustment for baseline ABI category (Tables S3 and S4 ) or censoring on other incident cardiovascular diseases (Tables S5 and S6 ). When we considered a 1to 5-year lag time after baseline, findings remained virtually the same (Tables S7 and S8 ). Even in the analysis with lag time of 5 years, vigorous exercise was significantly associated with lower risk of hospitalization with CLI in Model 5 (hazard ratio, 0.73 in Table S8 ). Finally, evaluation of total minutes of physical activity per week regardless of intensity demonstrated similar patterns as those for American Heart Association physical activity categories, with significant associations restricted to Models 1 and 2 (Table S9 ).
Discussion
In our study participants free of prevalent cardiovascular disease at baseline, 62% did not reach American Heart Association-recommended levels of exercise, with 37% at the poor activity level. Participants with recommended physical DOI: 10.1161/JAHA.119.013534
Journal of the American Heart Association activity levels showed lower risk of hospitalization with PAD and CLI compared with those with poor levels in unadjusted and demographically adjusted models. This association was no longer significant once other social and lifestyle factors such as smoking status were considered. However, when we investigated moderate exercise and vigorous exercise A few prospective studies have reported the inverse association between physical activity and development of PAD or ABI progression upon a demographic-or lifestyleadjusted model. 20, [22] [23] [24] Our study is largely consistent with these past studies, but it expands current knowledge in several ways. First, to our knowledge, this is the first report of the association between physical activity and CLI, a devastating form of PAD, in a community-based cohort. Second, our study had extensive follow-up (over 25 years), which allowed us to find out that censoring PAD cases in the first 5 years did not alter the results and assure temporality. Third, we explored moderate exercise and vigorous exercise individually and observed a stronger association with vigorous exercise than moderate exercise with PAD, especially for CLI. Finally, the large sample size allowed us to evaluate the associations in understudied subgroups such as those of black race.
There are several plausible mechanisms linking exercise and lower risk of PAD. For example, higher levels of exercise correlate with other favorable lifestyles (eg, never smoking). Indeed, the exercise-PAD relationship was attenuated with additional adjustment for social and lifestyle factors (Model 3 in Table 2 ). Also, regular exercise can optimize the atherosclerotic risk factor profile (eg, improving insulin sensitivity and reducing blood pressure) 42 and thus prevent PAD. In addition, exercise has been shown to reduce inflammation, a pathophysiological condition known to play an important role in atherosclerotic diseases. 43 In addition to the total amount of exercise, we found that intensity may play a vital role, especially for CLI. In our study, a 200 METs9min/wk increase in vigorous exercise (corresponding to %30 minutes of bicycle at 9.4 mph per week) was associated with a 28% lower risk of hospitalization with CLI independently of atherosclerotic risk factors. Apart from further improvement in metabolic health discussed above, [44] [45] [46] exercise, when reaching a certain intensity, is known to induce angiogenesis and increase capillary density, thereby improving microcirculation. 47 Interestingly, this concept is in line with the notion that microcirculation impairment plays an important role in the development of CLI. 48 Nonetheless, more studies are needed to investigate the specific role of exercise intensity in improving vascular health.
A stronger inverse association of physical activity with hospitalization with PAD was shown for female than male participants and younger participants than older participants. The sex difference is consistent with some other epidemiological studies with coronary heart disease and diabetes mellitus as an outcome. 5, 49 Although the underlying mechanisms behind this observation are unclear, some experts have pointed out potential contributions of anatomic and physiological differences, exercise preferences, and other lifestyles differences between women and men. 49 Regarding the age difference, this pattern with a stronger association in younger Figure. Age-, sex-, and race-adjusted incident rate (95% CI) of hospitalization with PAD (A) and CLI (B) according to total METs score (METs9min/wk) at visit 1. METs score was truncated at 99th percentile and modeled as linear spline with knots at 500, 1000, and 1500 METs9min/wk. CLI indicates critical limb ischemia; METs, metabolic equivalents; PAD, peripheral artery disease. than older individuals has been shown in most traditional cardiovascular risk factors (eg, blood pressure and lipids) and may simply reflect higher baseline risk with a limited contribution of a single factor to further elevate the risk. Indeed, the incidence rate of hospitalization with PAD for the older cohort participants was 2-fold higher than that for the younger cohort participants (21.1 versus 11.7/10 000 person-years). Of note, we tested multiple subgroups without a prior hypothesis, and therefore this analysis should be considered as hypothesis generating. Future studies are needed to confirm our observation and, if so, to explore potential mechanisms behind these differences between sex and age groups. Although we observed some significant results, the association of physical activity with hospitalization for PAD in our study appeared weaker than that for myocardial infarction and stroke in previous ARIC studies, [7] [8] [9] which merits some discussion. Although PAD, myocardial infarction, and stroke are categorized as atherosclerotic diseases, their pathophysiological processes are not identical. For example, plaque rupture is a key process for the development of myocardial infarction and stroke, which include different subtypes such as larger artery thrombosis, cardiac emboli, and lacunar stroke. 50, 51 Thus, it is possible that exercise will contribute differently to these 3 major types of atherosclerotic diseases. Also, it is worth mentioning that for PAD, a higher level of physical activity may lead to a higher probability of inducing leg symptoms (eg, intermittent claudication), 52 which may result in an earlier detection and hospitalization for PAD and would attenuate the observed association of physical activity with lower risk of PAD, even if they are truly associated.
There are a few clinical and public health implications from our study. First, our findings provide additional evidence about the importance of physical activity for vascular health.
Second, our results indicate that intensity of exercise may be especially important for leg vascular health. Thus, for a given amount of physical activity, whenever capable, engaging in vigorous physical activity for a shorter time (rather than moderate exercise for a longer time) may result in better leg vascular health. Although confirmatory studies are needed, our observation of the link between vigorous physical activity and lower risk of CLI is important, as CLI is a devastating condition with one half of patients either dying or losing their legs within a year after its diagnosis. 48 Several limitations of our study should be acknowledged. First, physical activity was assessed by a modified Baecke questionnaire on the basis of self-report, which is subjected to recall bias and thus misclassification, and it may be imprecise in capturing sedentary behavior and low-intensity activities. 15, 20 In future studies, objective measurements (ie, accelerometer based) should be implemented to assess patterns, amount, and intensity of physical activity and their impact on PAD risk. Second, the cases of hospitalization with PAD and CLI were identified on the basis of discharge diagnosis. Thus, there was probably some misclassification in that we likely missed mild PAD cases without symptoms or under management at outpatient settings. Nonetheless, the epidemiologic profile of severe cases is important, as those cases have a poor prognosis and impact medical expenditure. 53, 54 Finally, as in all observational studies, we are unable to rule out residual confounding.
In conclusion, greater physical activity was modestly associated with lower risk of hospitalization with PAD in a community-based middle-old age sample. Vigorous exercise was robustly associated with lower risk of hospitalization with PAD, particularly its severe form, CLI. Our results further highlight the importance of engaging in more vigorous physical activity for cardiovascular health. 
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